Background: Facilitating healthy levels of physical activity (PA) during chemotherapy is important for the psychosocial and physical health of breast cancer survivors. The primary objective of this feasibility study was to examine the effects of a broad-reach PA behavior change intervention among women with breast cancer receiving adjuvant chemotherapy.
Introduction
It is well established that the vast majority of breast cancer patients do not achieve public health recommendations for physical activity (PA; ref. 1) . Breast cancer patients who engage in regular PA during chemotherapy have clinically significant improvements in health-related quality of life (HRQoL), physical functioning, fatigue, and cardiorespiratory fitness (2-5) and may even achieve improved disease-free survival (6) . One study suggested women who were previously inactive and increased their PA after breast cancer diagnosis had a 45% lower risk of death compared with women who remained inactive after diagnosis (7) . Moreover, engaging in PA during adjuvant chemotherapy may aid in facilitating the adoption of PA after treatment (8) .
The majority of previous studies that have demonstrated these benefits in breast cancer patients during chemotherapy have delivered fully supervised exercise interventions (9) . These interventions are not likely scalable to the majority of breast cancer survivors because they are expensive, require substantial expertise and equipment, and are usually only available in large metropolitan areas. Broad-reaching and low intensive interventions designed to increase PA in breast cancer patients undergoing chemotherapy are warranted. This contention is substantiated by the evidence suggesting that breast cancer survivors indicate that they are interested in pursuing PA and receiving PA counseling and information during their treatments (10, 11) . Moreover, researchers have contended that the initial treatment period may function as a "teachable moment" in which breast cancer survivors' motivation for lifestyle change may be especially high (10, 12, 13) . Given that breast cancer patients may face several barriers to engaging in PA programs during chemotherapy (14) , researchers have advocated for the need to develop and assess the efficacy of interventions that use distance medicine-based approaches (e.g., home-based approaches; refs. 12, 13, 15) .
We previously reported results from two key studies that demonstrated (i) supervised exercise is safe, feasible, and effective for breast cancer patients receiving chemotherapy (2) and (ii) a broad-reach intervention consisting of tailored PA print resources and a step pedometer were effective in improving self-reported PA levels and HRQoL in breast cancer survivors who had completed treatments (16) . Whether a similar broad-reach intervention could improve PA in breast cancer patients receiving chemotherapy is unknown.
To examine the feasibility and utility of a broad-reach PA intervention during adjuvant chemotherapy for breast cancer, we conducted the Promoting Physical Activity during Chemotherapy (PROACTIVE) trial (http://clinicaltrials.gov, NCT01053468). The primary objective of the PROACTIVE trial was to examine the effects of a broad-reach PA behavior change intervention consisting of theoretically framed PA resources, step pedometers, and step tracking in a sample of women with breast cancer receiving adjuvant chemotherapy. The intervention was compared with a standard PA recommendation consisting of a generic (and widely available) public health PA resource. The primary aim was to compare the intervention and standard recommendation on objectively assessed walking behavior assessed via pedometer. The secondary aims were to compare intervention and standard recommendation on self-reported PA minutes per week (i.e., light, moderate, and vigorous minutes) and sedentary time. We hypothesized that patients in the intervention group would report greater increases in objectively assessed walking and self-reported PA compared with patients receiving the standard recommendation.
Materials and Methods
This trial was a multicentre, prospective, two-armed, feasibility study conducted in Alberta, Canada. Breast cancer patients were recruited from seven cancer centers (two comprehensive, four associate, and one community cancer center) across the province. Patients were eligible for the trial if they (i) were diagnosed with stage I to IIIA breast cancer, (ii) were scheduled to receive neoadjuvant or adjuvant chemotherapy, (iii) did not receive transabdominal rectus abdominus muscle (TRAM) reconstructive surgery, (iv) were !18 years of age, (v) received approval from their treating oncologist to participate, and (vi) did not have uncontrolled hypertension, cardiac illness, or psychiatric conditions.
Recruitment
Recruitment took place at the initial treatment consultation with the medical oncologist (i.e., new patient breast clinic, which was approximately 2 weeks prior to the initiation of chemotherapy). Interested patients received a study information envelope that contained detailed information pertaining to the study and related requirements and were asked to notify the research team of their intent to participate. They were then sent a study information package containing an informed consent form, a baseline questionnaire, a step pedometer, a 3-day step-assessment log sheet, and a self-addressed stamped envelope. When the study team received all baseline documents, patients were randomized to the intervention or standard recommendation groups, and the designated materials were distributed to the patient. All efforts were made to receive the above assessments prior to the second scheduled chemotherapy cycle. Patients were not eligible to start the trial if they had received their second scheduled chemotherapy cycle.
Randomization
Patients were stratified by study site and type of chemotherapy (taxane vs. nontaxane chemotherapy) and randomly assigned to either intervention or standard recommendation in a 1:1 ratio using a computer-generated allocation sequence (StatMate, Version 1.01, 1998). A random blocks permutation procedure was used to generate the allocation sequence within each stratum. The allocation sequence and group assignments were generated centrally and enclosed in sequentially numbered and sealed envelopes. A trained research assistant conducted all randomizationrelated procedures.
Intervention materials
Patients in the intervention group received the PROACTIVE PA resource kit that included PA print materials, a step pedometer, and a step logbook (see Fig. 1 ). Patients received a StepsCount SC-01 step pedometer (StepsCount Inc.) and were asked to wear their pedometer daily for the duration of their chemotherapy treatments (i.e., 4-6 months). Pedometers provide a low-tech option for objective and accurate monitoring of PA (i.e., steps taken) and have been shown to increase PA in cancer survivors (16) .
Patients in the intervention group received the resource "Physical activity for health: Your proactive resource for being active after a breast cancer diagnosis." The primary recommendation was for participants to increase their PA by at least 150 minutes of moderate intensity PA per week over and above the activity they normally do. "Physical activity for health" contained information and advocated for a wide range of physical activities (walking, hiking, cycling, golfing, and dancing). Brisk walking was recommended as the easiest and safest form of PA and contained information reflective of the chemotherapy process (e.g., engaging in PA during chemotherapy). Included were eight interactive activities the participant was prompted to complete (e.g., barrier identification, goal setting, planning/scheduling). "Physical activity for health" was modified from our previously developed PA and breast cancer resource, which was tested for suitability and has demonstrated evidence of effectiveness in a large sample of breast cancer survivors (16, 17) .
To supplement the pedometer, patients also received a copy of "Step into survivorship: Your proactive resource for walking after a breast cancer diagnosis." This newly developed resource informed the patient specifically about walking and step counting and how to monitor and log steps, and provided strategies and tips for increasing stepping activity. Both resources were developed using the Theory of Planned Behavior framework (18) , and content was designed to enhance attitudes, subjective norms, perceived behavioral control, and intentions. Patients were asked to record their step totals and moderate and vigorous PA minutes at the end of each day in the "Physical Activity Journal." Patients recorded these values each day for the duration of time they were receiving chemotherapy treatment. A team including a graphic designer, health literacy expert, health education expert, breast cancer survivors (i.e., end users), and study investigators collaborated to produce the resources.
Patients in the standard recommendation group received a generic two-page public health PA resource. Patients younger than 65 years received a copy of Canada's Physical Activity Guide to Healthy Active Living for Healthy Adults. This resource recommended that adults should be active for at least 30 minutes on 4 days a week. Patients who were 65 years of age or older received a copy of Canada's Physical Activity Guide for Older Adults. This resource recommended that older adults accumulate 30 to 60 minutes of moderate PA on most days of the week. Both resources were developed by the Public Health Agency of Canada (PHAC). Patients randomized to the standard recommendation group were asked to refrain from using their baseline assessment pedometer during the study period.
Intervention uptake/adherence
Patients randomized to the intervention group were asked (i) how many times they read the resources, (ii) how long they spent reading the resources, and (iii) how many resource activities they completed (e.g., goal-setting, barrier identification). Adherence to the pedometer was assessed by monitoring how many days the participant wore their pedometer during the primary study period (i.e., baseline to post-chemotherapy). At the end of the primary study period (i.e., post-chemotherapy), participants submitted their PA journal that contained their daily step counts from the study period.
Measures
Pedometer steps were the primary outcome and self-reported physical activity and sitting time were secondary outcomes. Measures were administered at baseline (prior to second chemotherapy administration) and at post intervention (between 3 and 4 weeks after the last chemotherapy administration). Demographic information was assessed via self-report and included age, marital status, education, income, employment status, and ethnicity. Health information was assessed via self-report and included HRQoL (assessed via Functional Assessment of Cancer Therapy-Breast; ref. 19) , height and weight, smoking, and comorbidities. Medical information was assessed via self-report and included disease stage, type of surgery, chemotherapy protocol, and menopausal status.
Objective walking behavior was assessed via a 3-day step test using the StepsCount SC-01 pedometer. During the 3-day monitoring period, participants in both groups recorded their daily step counts at the end of each day and then reset the pedometer to zero each morning. Research indicates that a 3-day step monitoring period correlates highly (i.e., r > 0.90) with an individual's weekly step count (20) .
Self-reported physical activity was assessed by the leisure score index (LSI) of the Godin Leisure-Time Exercise Questionnaire (GLTEQ; refs. 21, 22) . The LSI contains three questions that assess the average frequency and duration of mild, moderate, and strenuous exercise during free time in a typical week in the past month and has demonstrated evidence of reliability and validity (23) .
Total and domain-specific sitting was assessed using the total and domain-specific measure of sitting developed and evaluated by Marshall and colleagues (24) that included five items assessing time spent sitting (hours and minutes) each day in the following domains: (i) while traveling to and from places, (ii) while at work, (iii) while watching television, (iv) while using a computer at home, and (v) at leisure not including watching television, on a weekday and a weekend day. This measure is an acceptable measure of domain-specific sitting time (25) .
Sample-size calculation and data analysis
We conducted a sample size calculation based on comparing the mean of two groups. To detect a difference of 2,500 steps per day with a power of 0.90 and a two-tailed alpha less than 0.05 (SD ¼ 4,000), we needed 54 patients per group. To account for 20% related to attrition and missing covariate data, we planned to randomize 130 patients.
Baseline comparisons were performed using univariate analysis of variance (ANOVA) for continuous variables and c 2 analyses for categorical variables. The primary analysis of our study was to compare intervention to standard recommendation on objective walking (i.e., pedometer steps) while the secondary analyses compared intervention with standard recommendation on self-reported PA variables (light, moderate, vigorous intensity PA, and moderate-to-vigorous PA), and sedentary time. Using the intention-to-treat (ITT) approach on all patients with follow-up data regardless of their adherence to the intervention (26), ANCOVA models were used to assess differences in group change scores from pre-to postintervention. Potential moderators were explored and included meeting PA guidelines (at least 150 minutes per week of moderate-to-vigorous PA), body mass index (BMI), age, and breast cancer stage. Covariates included breast cancer stage, chemotherapy (taxane vs. non-taxane), chronic disease, baseline age, BMI, marital status, education, HRQoL, and the relevant dependent variable.
Results
Between November 2010 and June 2012, we randomized 95 eligible participants (46 standard recommendation; 49 intervention; Fig. 2 ). Accrual was stopped early because of slower-than-expected accrual and the completion of the funding period. Overall, 78 of 95 participants completed the trial Vallance et al.
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Cancer Epidemiology, Biomarkers & Prevention OF4 (37 standard recommendation; 41 intervention) for an overall completion rate of 82%. Baseline characteristics of the sample are presented in Table 1 . To summarize, 74% were married, 27% were working full time, and 53% had completed university/college. The mean BMI was 24.6 (SD ¼ 3.8). No significant differences were observed across any demographic and medical variables between intervention and control participants at baseline.
Evaluation and adherence to physical activity resources
On average, intervention patients wore their step pedometer for 85.2 days (range, 35-144 days; SD ¼ 26.4) during the intervention over a possible 90.1 days (average; SD ¼ 29.2) for an overall 95% adherence rate. Intervention patients reported reading the "Physical activity for health" resource 1.5 times (SD ¼ 0.51), and referring to the resource 1.6 times (SD ¼ 1.6), for a total reading time of 67 minutes (SD ¼ 44). These patients reported reading the "Step into survivorship" resource 1.4 times (SD ¼ 0.50), and referring to the resource 1.3 times (SD ¼ 1.3), for a total reading time of 54 minutes (SD ¼ 17). Intervention patients reported reading approximately 97% and 95% of the "Physical activity for health" resource and "
Step into survivorship" resources, respectively. Out of the seven written activities in the "Physical activity for health" resource, participants completed on average 2.3 activities (SD ¼ 2.7). Patients indicated setting on average 1.2 goals.
Physical activity and sedentary time outcomes
Overall, the intervention was not statistically superior to a standard recommendation for daily average pedometer steps (À771; 95% CI, À2024 to 482; P ¼ 0.22), light intensity PA minutes (À15; 95% CI, À90 to 61; P ¼ 0.70), moderate intensity PA minutes (þ6; 95% CI, À53 to 64; P ¼ 0.90), vigorous intensity PA minutes (À1; 95% CI, À29 to 27; P ¼ 0.93), total MVPA minutes (À4; 95% CI, À62 to 570; P ¼ 0.90), and sedentary time (þ160; 95% CI, À186 to 506; P ¼ 0.42; Table 2 ). Meeting PA guidelines, BMI, age, or breast cancer stage did not moderate any associations between group assignment and the dependent variables. No adverse events were reported.
Discussion
Contrary to our hypotheses, we found that a theoretically framed PA resource kit including targeted print materials and a step pedometer (with step logging activity) did not facilitate PA behavior compared with standard public health print materials among women with breast cancer receiving adjuvant chemotherapy. No significant differences in objective walking behavior, or self-reported light, moderate, and vigorous intensity PA emerged between the two groups. The intervention group reported almost 3 hours less of daily sedentary time, although this finding did not reach statistical significance. It has been suggested a cancer diagnosis functions as a "teachable moment" where cancer patients may be particularly motivated to engage in health behavior change efforts (12) . Indeed, several well-designed randomized controlled trials have demonstrated distance-based approaches to facilitating PA behavior among breast cancer survivors are effective (16, (27) (28) (29) . One recent review of telephone, print, and web-based interventions for PA concluded that broad-reach intervention delivery modalities are effective for improving health behaviors, including PA (30) . However, most studies only included survivors who had completed active treatment (with most being !1 year post diagnosis). The breast cancer treatment trajectory (e.g., surgery, chemotherapy, and radiation) presents a unique set of challenges that significantly impacts an individual's ability and willingness to adopt PA. The side effects of chemotherapy for breast cancer and their influence on PA behavior are well known and often include cancer-related fatigue and physical discomfort (31) . While survivors who have completed treatment also report fatigue and discomfort, there are other common symptoms unique to chemotherapy treatment and often include gastrointestinal side effects, cytopenias, neutropenia, arthralgia, cardiovascular toxicity, alopecia, pain, peripheral neuropathy, and neurocognitive dysfunction (32) . These side effects may indeed inhibit an individual from initiating and/or maintaining PA during adjuvant chemotherapy. One study of supervised exercise training during chemotherapy reported that 53% of missed exercise sessions were due to disease/treatment-related barriers (33) . Despite the consistent evidence demonstrating declines in PA behaviors during adjuvant treatment for breast cancer (34, 35) , relatively few studies have examined the influence of distance-based health promotion strategies designed to facilitate PA behavior during adjuvant chemotherapy. Further, studies published to date are also considered feasibility/pilot studies, thus limiting the inferences and conclusions drawn from the studies.
Our study found no significant differences in objective walking behavior and self-reported PA behaviors between the intervention and standard recommendation groups. We have previously reported PA print materials and step pedometers were effective broad-reach strategies in improving self-reported PA among breast cancer survivors who were on average 3 years post treatment. Our study is consistent with one randomized controlled trial that examined the impact of a distance-based diet and PA intervention in 90 premenopausal women with breast cancer on adjuvant chemotherapy (the STRENGTH study; ref. (36) . The STRENGTH intervention consisted of telephone counseling for 6 months with dietary and exercise workbooks. While dietary outcomes improved (e.g., calcium, fruit, and vegetable intake), no measures of self-report PA changed significantly over time or differed among study arms. The study did not include any objective measures of PA. However, some studies have found broad-reach approaches to PA promotion during adjuvant chemotherapy to be effective (37, 38) . For example, in a single group study design, Ligibel and colleagues provided 41 sedentary women (80% receiving chemotherapy) with a 12-week telephonedelivered PA intervention (38) . A significant increase in weekly PA minutes was observed; however, weekly activity did not meet the target activity goal of 150 minutes/week and no comparison group was available.
Our results and the aforementioned literature suggest that more research is needed examining optimal strategies that can facilitate PA during the treatment time period. It appears changing PA behavior through broad-reach strategies tailored toward women receiving chemotherapy for breast cancer may not be as effective as broad-reach interventions conducted with non-chronic disease and otherwise healthy populations. A recent review of exercise promotion interventions after a cancer diagnosis concluded that there was a lack of convincing evidence that behavioral strategies can promote exercise behavior, and that significant research gaps and challenges persist (39) . An accompanying editorial concluded that one-size-fits-all strategies are not the most appropriate strategies to facilitating PA behavior after a cancer diagnosis (40) . Optimal PA behavior change strategies during cancer treatment are still unknown, but may include an important role for the oncologist (29) , smartphone/App technology, or various forms of social media. Given the physical, social, and emotional challenges experienced by patients during this time period, it is entirely plausible that more intensive interventions that include face-toface, supervised, and individualized components may be necessary to support PA during breast cancer chemotherapy.
Our study has limitations that must be considered when interpreting the data. First, this was a feasibility study with a small sample size. Second, we were unable to achieve our planned sample size target and thus had reduced power; however, the between-group differences were small and not likely meaningful. Third, we were unable to determine how many patients were approached to participate in the study given the broad provincial recruitment strategy. Therefore, we cannot determine the recruitment rate for this study. We relied on self-reported assessments of light, moderate, and vigorous intensity PA that may have led to bias estimates of PA. Finally, the length of the intervention varied across participants (e.g., due to different chemotherapy regimens and treatment delays); therefore, the lack of a significant intervention effect may have been a result of failing to standardize the length of the intervention. Strengths of this study include the randomized controlled trial design, the objective measurement of walking, and the inclusion of a homogeneous sample of women receiving adjuvant chemotherapy for breast cancer. The results of this study only generalize to women undergoing adjuvant chemotherapy for breast cancer.
In conclusion, our data suggest that realizing actual gains in PA behavior during the adjuvant chemotherapy time period remains a challenge. Broad-reaching, low intensity PA interventions that require patient self-motivation to participate may not be suitable for women receiving chemotherapy. Several well-designed studies have emerged demonstrating the feasibility and effectiveness of supervised exercise interventions for women with breast cancer receiving chemotherapy (e.g., enhanced HRQoL and fitness, reduced fatigue, and possibly breast cancer outcomes; refs. 2, 6, 41) . These studies provide a good base of evidence on which to promote and advocate for supervised PA during this time period. Further, given the mounting evidence suggesting a strong association between PA during treatment and reduced risk of cancer recurrence and mortality, researchers should continue to develop and evaluate strategies to improve PA behaviors and reduce sedentary time during adjuvant chemotherapy.
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